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Abstraot

This report douseribes a method for 1) detemin:l.rfg the chloride

oonocentration in an agueous solution by measuring the potential of a

oell composed of a referemce half ocell and a silver, silver chloride,
ohloride ion half oell, and 2) determining H or HN: by liberating
ohloride from it by hydrolysis or by oxidation « 7 and

then determining the chloride, The detormination of ohloride in a solution
of the appropriate aoidity and ionlo strength takes about 2«2 minutes,
The determi'mtion is made vith 10 ml of solution and is acourate to about
4% for ohloride conoentr:tions above 10'4 fornal (oorresponding to 8
miorograms of H per ml) and to about 4-85 for oonoentrations between

3 x 10°5 and 10~% formel, The determination of ohloride oould be adapted
to the analysis of other toxios containing chlorine,

In Part I the procedurc and apparatus used for the determination
of chloride ion concentration are desoribed, and factors vhish influenoe
or interfere with the detormination are disoussed,

In Part I are desoribed procedures used to liberate chloride from
H whioh has been oolleotcd on silioe gel or charcoal or in diethyl phthale
ate or aoidified potassium permanganate solution, The effectiveness of
each of these adsorbents and solutions in removing H vapor from air is
oonsidered,

In part III, are given the results of experiments on the reocovery
of HN3 vapor from alr using diethyl phthalate or 0,25 formal nitrio acid
as bubbler liguids, Prooedurcs are given for the determination of HNO

in these liquids, CCHFIDENTIAL
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Part I
ESTIATION CF CHLORIDE
1. Precedure for Determining Chloride

Discussion

The oconcentration of o chloride solution was determined by
measuring the potential of the cells

IR Agﬂm. c1- "cr‘. Hggclz(s), Hg(l)
The silver, silver chloride, chloride ion half cell consisted of & silver
wire immersed in the chloride solution vhich was being cnalyzed; solid
silvor chloride, finely divided, was present us a suspension in this
half cell, The meroury, merourous chloride, chioride ion half cell
vias o reference half ocell and consisted of & Beckman calomel electrode,

The two half cells were comnnected togother by a salt bridge of saturated

ammonium nitrate solution, The potential of the cell was measured

with a Beolkman pH meter, and the conocentration of chloride was obtained

by oomparing the potential with a calibration ourve (see Figu.ré 2),
This method is similar to a method used by Furman and Lov (see
referende (1)) for determining small soncentrations of ohloride in the

presence of other salts,

CONFIDBNTIAL




Experimental

& Proocedure for Determining Chloride
APPARATUSs The titratiOn cell:-is shovm in Figure 1, The sample solution
was oonteined ia a 20 ml glass vessel with a oonvenient drain and plug
at the bottom, _ .

The reference half eell was a No, 270 Beekman ealomel electrode,
This dipped into the solution of the salt bridge, s saturated solutiom of
ammonium nitrate eontsined in a glass tube, (This tube wes mads by )
sealing a b6 om length of 2-~3 mm tubing to & 4 om length of 12 mm tubing,

" At the end of the mmaller tube a sintered glass plug vvas formed by putting
powdered glass in it and heating it, The sintered gless was fine enough
so that tho emmonium nitrate solution did not 1leak out rapidly,

The silver electrode was & 2-3 inoh length of 12 gauge silver wire

. held at the upper end by an alligator olip; the lower end dipped into the
solution to a depth of about' 2 eom,

' Also in the oell were a glass stirrer (driven by an eleotrio motor)
and a thermometer,

The odom]_. -cell was conneoted to the lover jack of a Beokman

Model G pH kieter, The allgator olip which held the silver eleotrode '.ul'
com-uotod by & shielded cable to the top jaek, .

PROCEDURE:s A oell, desoribed im Note 1, vns assembled, The silver
wire was cleansd by dipping it into 10 formal HNO, r.or 16=30 seoonds and

thoroughly rinsing it with distilled wuter (Note 1), 1,0 ml of 2,6 formal
' CONFIDZNTL.L




3 CONFIDERTIL..L

HNO; iras added to a solution to be analyzed (Note 2) end the aolui';:lon o8

diluted to 10 ml, JlMeanwhile the cell had been alloved to drein, The
solution was added to the ocell, Two drops of AgCl-NH,OH reagent (Note 3)
mere added, and after 1l=3 minutes the potential of the cell was measured
with the Beckman pH meter, The amount of chloride was detormined by
comparing the potential with a calibration ourve (Note 4),

Notes:

1, It was found that the potential of gell was affeoted by
failure to clean the silver electrodo, Attempts wiere made to clean the
eleotrode by dipping it into amaonium hydroxide and by heating it in a
flame to red heat; however, the treatment with nitric acid led to
reproducible cell potentials,

If the eleotrode a8 not thoroughly rinsed with distilled water,
silver nitrate was introdusced into the sample solution and caused an
error in the determination,

2, O0=9 ml of the sample mey be taken, The callibretion curve is
a plot of the &,i.,,F, of the cell against the final corcentration of
chloride in the solution after it has becn diluted to 10 ml,

S, A solution of silver chloride in aqueous ammonium hydroxide
was used for the purrose of obtaining a finely divided suspension of
silver ohloride in the solution being analyzed; the solution being analyzed
hud beon acidified and silver chloride preciritated when the
AgCl=NHL0H reagent VF? added to it, The reagent was made by dissolving
0,072 g, of silver shloride in'1,7 ml of 6 formal ammonium hydroxide diluting
with viater to 650 ml, It was 0,01 formel in silver ohloride and 0,2
formel in ammonium hydroxide,

4, The potential of the cell was plotted againpt the log of the
chloride concentration; the curve is shovm in Figure 2, The nature of the
curve is discussed in Seotion 2 below, In order to obtain data for the
curve, the potential of the cell /as measured vhen the coll contained
potassium ohloride solutions of the following oonoentrations;
bx10'° 5::10"4, 2::10"‘1= 1:10‘4 0::10-" 65::10" 5::10
4x10% 3x100, 2x 10'5 and 1 x 10-5 formal. Since the curve (see
Figure 2) is not lincer below 10~% formal, meny more points have to be
taken in this region, .

Cnoce this calibration ourve is made, other calibration curves cen be
oconstructed from dey to day, merely by measuring the potentiel of ome
concentration of chloride and drawing the curve parallel to the established
calibration curve, This is discussed in Seotion 2,
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Figure 1. Diagro. of the Cell
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2. Pastors Affeobing the Determination

N\

Discussion

It would be expected that the potential of the cell would be
influenced not only by the oconcentration of chloride in the solution of
the silver chloride half cell, but also by 1) the ionic strength of that
solution, 2) the hydrogen ion concentration, 3) interforeing constituents,
such as ions or molecules that react with silver or chloride ioms, 4)
the temperatures of the two half cells, end 5) condition of tho_reforenoe
electrode, of the salt bridge, and of the silver wire eleotrode, These
factors are considured below, empecially for the purpose of ascertaining
how carefully each muzt be controlled in order to avoid appreciable
errors,

ileasurement of the potential involves the precision of the meter,
The sensitivity of the Becluian pH meter when used carefully is about
1 millivolt; that is, an error of O~1 millivolt oan be expected even in
a careful determination; therefore, in the sections below, errors less
than about 0,5 millivolt are considered to be insignificant,

8. The dependende of the E.L,F. on the concentration of shloride,

Since the eleotromotive force of the calomel half cell is eonstant,
the electromotive force of the cell is determined by the half ocell

Ag 4+ Cl= = AgCl + e, 1

At 25°C

Fnalf o1l =E, + 0,060 log [C1] 2
CONFIDENTIAL




7 CONFIDENTTAL
Thorefore, it would be expsoted that if the eleotromotive foroe of the
oell is plotted against the logarithm of the ohloride ion oonoentrationm,
a ltraight. line would result, The empirioal ourve obtained by using the
procedure in Seotion 1 to obtain the potentials oorredponding to ohloride
solutions of various oconcentrations is shown in Figure 2,

In the straight portion of the ourve, a change in potential of

69 millivolts is obtained for a ten=fold ochange in chloride ion conocentra-
tion, a ohange which would be predioted from equation 2 , Assuming that

2 1is true, it oan be shown that the ohange in ohloiide ion oonoentration

required to ohenge the potential of the ocell by an amount AE is;

% ohange in [_Ul"] = =1 + antileg (_ OAoEg)

thus a ohange of 4% in chloride oconcentration oorredponds to a ohange of

1 millivolt, This means that an error of 1 millivolt in the determination
of the potential will correspond to amn error of 4% in the detormination
of ohloride ooncentration, Since most of the cnurces of errors in the
deterinination oause ohanges in the potential vh ioh are independent of the
rartioular ohloride ion ooncentration being measured, most of the errors
will be relative errors, and will always be & ocertain percent of the total
amount of ohloride present, rather than a oertain aumber of miorograms

of chloride; thus, the error oaused by the limitod sensitivity of the

meter will be from O=4% of the ohloride present.

CONFIDENTIAL
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[_01"] in equation (2) is the total ochloride oonocentration, the

sunm of chloride from the sample and from the silver chloride, The absocissa
axis of the calibration ourve represents, howvever, the chloride from the
sample only, For samples containing e Iarge amount of ohloride the addition~
al ohloride from the silver ohloride is negligible and the curve is a
astraight line; but if the amount of chloride from the silver chloride is
oomparable to the eamount of ohloride from the nmplel, the ourve is not
straight and tﬁe sensitivity of the potential to ohloride from the l_mple
is smaller, This is secn in the empirioal ourves in Figures 2 and 3, The
ourves are straight above 10~4 formal (equivalent to 7,95 miorogrems of
H per ml),

The error oaused by ome millivolt when the chloride conocentration
s 3 x 10"5 formal is about 83, It is impractioal to use the method for
determining concentrations below 10"5 formal (equivalent to 0,79
miorograms of H per ml),

b, The effeot of ionis strength on the E, ki, _F_‘.z

In the proocedure desoribdd in Seotion 1 nitrio aoid is added to the

sample sclution so that the final econoentration is 0,26 formal in nitrio

-=0 s mesem i st e cem a®e ew

17he ohlor:l.do ion conoontru};ion of saturated silver.ochleride soluticn
at 25°C is about 1,0 x 10"° formal,

27he ioniec strength is defined as 0,5 oz? there o is the ocnoeriration
of ecch ion end 3 is tho megnitude of the oharge Whioh the ion pessesses.

CChs D I'TIAL
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10 CONFIDENTIAL

aeid, If the saaiple contains only hydrolyzed H, or only sodium or
potassium chloride, then the ionie strength vill be about O, 26, but if
the sample contains appreeiable amownts of other ionizable solutes, the
ionie strength will be greater,

Therefore, in order to investigate how closely the ionic strongth
must be eontrolled, a series of meadurements were mede in vhioh the
ionio stremgth vms varied from 0,256 to 1,00, the chloride ion eoneentration
and the hydrogen ion coneentration being held oconstant, It was found that
the potential of the oell varies only le4 millivolts, an amount which
would eause an apparent change in the ehloride ooneentration of about
4-16%,

S, The effeet of hydrogen ion someentration on the E, L, F,

& certain amount of eoid must be added to the solution being
enelyzed in order to neutralize the amasonium hydroxide in the NH,OH-..gCl

reagent, .ioreover, a hydrogen ion eoneentration of from 0,1-0,5 molal

seems desirable from the point of view of reprodueibility in some of the

proeedures deseribed in Part II, In a series ¢f eareful experiments

vith a eell of a similar typel, Furman and Low (1) used O, 25;1?1:%11'&119 aoid,
This concentration of nitric acid vias ehosen for the proeedures in Seetion
1l and in Part II, without an invostigation of the advantegos of other

aeldities or another acid,

1Tho coll used by Furaman and Low has a silver-silver ehloride ¢lectrode
and does not involve the use of Nii,OHeAgCl reagent,
CONFIDSIHTIAL




11 CONFIDENTIAL

Experiments were made, however, to investigate the dependence of
the potential o:t: the cell on the hydrogen ion concentration; that is,
measurements of the potential were made at different hydrogen ion con-
oentrations, the ionic strength and the chloride concentrations being
held at fixod values, These experiments show that for the determination
of high (see Table II in the Experimental part) concentrations of chloride
the hydrogen ion comcentration can vary from 0,06 to 0,25 vithout causing
a change in the potemtial of more than 1 millivolt (which corresponds to
an apperant chenge of 47 in the ohlcride concentration), The hydrogen
ion conoentration is more oritical in the determination of mmell amounts
of ohloride; end changing it from 0,056 to 0,26 mclal cmused an appdrent
change of 8% in the concentration of 5.10'5 molal ohlor:ldel, There is
evidence that when the oell contains no chloride except that from the
solubility of AgCl, the potential of the cell is quite dependent upon

the hydrogen ion ooncentration,

d, The effect of interfering substances on the E, M, F,

The presence of icns or molecules vhich might interfere with the
determination of chloride depends upon the source and treatment of the
semple, For example, if H vapor is collected in potassium pernanganate
sclution, and if the solution is treated by the procedure ir Section 4,

Fart II, manganous ion will be present in the silver chloride half oell,

15 x 1()'5 molal ochloride is equivalent to 2,98 miorograms of H per ml,

CONFIDENTIAL
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The effeets of mangeanous ien, acetic acid, and thiodiglysol are discussed

in Part II and data from experiments investigating them are given,

[ _T!l_c_ effodt ef temperature en the E, i, F,

The pctential of the eell would be expected to be dependent upon
the temperature in accordeance with the Gibbs Helmholta equaticn, The
dependenece ias investigated émpirieally by putting the eell in & large
bex, the inside of whieh was maintained at & ecnstant temperature, and
measuring the potential fer diffoerent cencentratiens ef chleride, A
series of measurements were made at eaeh of four temperatures, 20°, 25°,
30°, and 40°C,

The data (see Figure 4 ) showed that the
intereept of the calibdratien eurve changed eensiderably with the tempera-
ture, The slope of the straipht pertion of the eurve alse changed, At
20° the slepe was 57,6 millivolts per 10 i‘el.d change in ehleride ecncentra-

tien) at 25°, 68,8 millivelts; at 30°, 60 millivelts, axnd at 40°, 60

millivelts,
In the analysis of samples of H in Part II the temperature effeet

wes teken intc aeccunt by using a calibraticn curve eonstructed at one
temperature and then eerrecting potentials from semple analyses t¢ that

temperature, The correoctions were made aeocrding to Table I,

CONFIDENTIAL
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14 CONFIDENTIAL

Teble I

Correotions of Potentials for Temperature Inocreases of
) One Degree c

lMolality of correspondingv Correotions to be subtraoted from the
chloride of H per ml of. observed potential (millivolts)

solutions solution®
20=25°C 25=3A°C 30-40°C

1x 1074 7,95 1.2 0,8 0.4
2 " 15,9 1,0 .6 8]
6 " 39,8 1,0 6 .5
5 x 105 B9 .6 .6 .3
®The ooncentration of H that gives on complete hydrolysis or decomposition
the speoified molal concentration of chloride,
Thus, if a calibration eurve were oonstruoted at 27° and 4if a potential
measurement of a sample 104 formal in chloride were made at 26°, 2x Q.8
or 1,6 millivolts would be addsd to the observed potential and the chloride
ooncentration curresponding to the corrected potential would be read on
the ourve, An alternative procedure for correoting for temperature

effeots is desoribed in £ below,

£, Condition of the reference eleotrode, of the salt bridge,

and of the silver wire eleotrode,

The potential given when a certain sample of ohloride was analyzed
varied from day to day I:oy/'I . Jng:‘ﬂﬁ%olts mn_though the temperature at
which the measurements viere made was the seme, Perhaps this vias due to
slow changes in the liquid junotion potential in the dntered glass plug
of the NHNQzbridge, The effeot of this variation was nullified by

CONFIDENTIAL
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constructing a new calibration curve esach day, The calibration curve
was made merely by measuring the potential of a knovm concentration of
ohloride, plotting the corresponding point ai semilog coordinate peper, and
drawing a ourve parallel to a calibration curve already established,
That is, the slope of the ourve was assumed to be independent of day
to day changes in the reference eleotrode, etc,, and the intercept was
d=termined by analyzing a chloride solution of Imovm ooncentration ,
One standardization for each day as sufficient,

This method of constructing a new oalibration curve from the measure-
ment of the potential for only one chloride concentration cen also be
used to eliminate errors due to temperature changes, prowided the
temperature changes are not large, A calibration curve is deternined
at one temperature; the potential given by a kmo'm oonoent;‘ltion of
chloride is measured at another temperature and a calibration curve for

this temperature is drawn parallel to the surve already constructed,

Experimental

8, Conoentration of ohloride

Ten ml of an aqueous sclution 2,5 formal in HNOy; and the specified
(see Table II) formality in KCl were analyzed by the prooedure in Seotion 1,

The results are shown in Tables II and III and Figures 2 and 3,
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Table II
Dependense of the E, ii, F, on Chloride Concentration

iolality of Corresponding oone Temperature Teiperature Observed
ohloride centration of H* of calomel half of AgCl half E,i,F,
(¢ of H per ml) cell (°C,) oell (°C,.) (mv)

25,0 280
26,2 273,93
25,3 267.5

1 x 10~5 0:79
2 [} " 1 - 59
gn n 2. %9

N NN
oo

oo

25,5 264,06
25,6 260
25,6 264,5

4" 3,18
5" 3,98
6.5 5,16

N M N
[0 4 0]
L ] L ]

25,5 249,5
26,5 245,95
¢6,0 229

6,36
7,968
16,9

NN
Cogam | GGG
00, 00O ©OmM

26,0 2C6
26,0 147,5

30,8
298

DN

Table III

Dependence of the E, i{, F, on Chloride Concentration
(The determinations were made at room tempercture; the exaot
temperature w:.s not recorded)

liolality of Corresponding oconcentration Observed E;iiF,
chloride of H (as P*of H) {nillivéles)

5 x 104 9.9 21
o " 16.9 229
23,9 219

31,8 212,6
39,8 206,95
59,6 196

x 107° 79,6 188,65
"o 298 148,65

*The concentration of H that gives upon complete hydrolysis or
decomposition the specified molal oonocentration of chloride,
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b, Ionioc streagth,

One ml of LCl solution (10=¢ or 10~5 formel) was odded to wator,

The appropriate amounts of 2,6 formal HNO5 and of 1 formal XalNOyz were
added and the solution was diluted to 10,0 ml, The potential of the

cell was measured; the results are shovm in Teble IV,.

Table IV
Effect of Ionie Strength on Potential

biolality of Ionio Molality of Room tem- Observed Potential, cor=
chloride strength* hydrogen ion pergture Potential reoted to 22,0°C,
) (mv) ()

237,56 237
237 237
238 238
237,6 238
229,56 239,56

1 x 104 016 0,16
s25 .26

.25 .26

.60 +256

1,00 1,00

pRNDON ~
N NN

. . Q
oomooa

181 181
181 181
182,5 182,56
184 184
184 184
184 184

.16
.25
+26
» 25
» 25
1,00

NN%NNN
[V o N NN
® eo. ® ®, 9 o
NDBO NN

¢, Hydrogen ion oomcentration .

One ml of KCl solution was added to vater, The ;.ppropriate
emounts of 2,6 formel HNO5; and of 1 formal NaNOy were added, and the
solution was diluted to 10 ml, The potential of the eeoll was measured,
The results are shown in Table V;.

¥See note 1 to page 8,
**See Table I, page 14,
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Table V
Effect of Hydrogen lon Concentration on Potential
Molality ef liolality of Ionio Room tem= Observed Potential, oor- -
chloride hydrogen ion strength* perature potential rected to 19,0°C
, (av) ()

5 x 1075 0,05 026 : 261,6 261,6

.16 26 5 263 252,5

025 025 » 254 253.5
1x10°% ,05 .26 228,56 238

.16 226 . 238 237,85
025 » 25 . 239,5 2359

2 x 1074 ;06 ,26 ‘ 223 223
.15 .26 ! 222,6 222
.26 .25 i 228 222,5

6 x 10~3 ,05 .26 144 143,6

+15 »25 . 143,65 143
025 » 26 . 143 143

. 4, Tenperature .

These determinations were made by the i)rooedure as in a above,
During these determinations the cell was kept in a large olosed wooden
box equipped with a heating coil, a large fan, and glass wrindows through

whioh the thermometers could be read. The ourrent for the heating ooil

was supplied by a variable transformer, The eleotrodes of the oell ~trere

oonneoted to the pH meter by tiwo shielded vires, The pH meter was not
in the box, but was operated at room temperature, In order that the
solutions being analyzed and the NH,OH -~ AgCl reagent would be at this

proper temperature they were kept in the box for 15 to 30 minutes before

*See note 1 to page 8,
¥*See Table I, page 14, CONFIDSNTIAL
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the analysis, The temperatures of both electrodes were probably
equal to the stated (See Table VI ) temperature within 1°C, The results

of these determinations are shown in Table VI axd in Figure 4,

Table VI
Dependence of the E, U, F, on Temperature®*

Molality of ‘Corresponding Temperature of Temperature of AgCl Observed

chloride concentration oalomel half ocell (°C) B H,F,
of H (as T of half cell (mv)
H per ml) (°c)

6 x 10~5 3,98
x 1074 7.96
non 15:9
(] " 39.8
x 10~3 598

aan e

10'2 398

10" 7,96
15,9
39.8
398

5
1
2
5
6

3,98

7.95
15,9
59, ¢
598

g o

s o ot o AP s e e

*Date for 25°C, are given in Tadle II,
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Part II
DETERIINATION OF H

1. Determination of H Colleoted on Siljos Gel

Silice gel and aotivated charccal were used to collect H vapor
from air, In these experiments about a ml of the granular sclid was
held in a small glass tube between plugs of glass wool, The tube has
the advantages that it is lighter and more rugged than a bubbler, Silica
gel, at least the type used in these exporiments is unsatisfactory
as an absorbent for H because the recovery is low at high humidities
(See & below), Aotivated charccal is a good adsorbent, but the charccal
that was used oontained impurities that interfered with the analysis.

It is possible tc detormine the H ocollected by silica gel by
hydrolyzing the E in an agueous solution, then determining the ohleride
ooncentration, (See the procedure in o below), However, if the silica
g31 oontains chloridc or scme cther constituent whioh will be extracted
during the hydrclysis and cause a potential at the silver eleotrode,
the determination vill be in error, Deveco silica gell, 69514-200 R 4,75,
was found to contain practically no ohloride but did ocntain a significant
amount of tripositive iron that could be slowly extraoted vith water or
o.oid.z It vias found, however, shat alkaline solutions dc not extract e

significant amcunt of iron from the Davec gel, Therefore, the H as

J'Hade by Davison Chemical Corporation, Baltimore, liaryland,

zme romoval of iron from silica gel has beon decsoribed (referemce (2)).
Analyses of ocommercial silioca gels show that the iron oontent is fronm

0,002 to ,0247%,
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hydrolyzed in an alkeline solution and the solution was acidified only
after it hed becn separated from the gel,

It vas found that thiodiglycol changed the potential of the oell,
presumably because thiodiglycol forms a ocomplex iom with silver iom (),
However, when the ratio of the nunber of moles of chloride lon to the
nunber of moles of thiodiglycol is two or less, the error cgused by
thiodiglyool is negligible, Therefore, tho amount of thiodiglyocol given
by hydrolysis of H does not interfero, The results of experinents with
thiodiglycol are given in b below and in Tuble VIII,

A series of exporiments were made in order to test the deteriination
of H oolleoted on silioca gel, Air saturated vith H vapor vas passed
through glass tubes oontaining silice gel end the gel was analyzed by
the procedure demoribed in o below, The average deviation (the average
error regardless of sign) of tho determinations in which 1,2 ng of H
were collected was about 67 part of the error may have been due to

the uncertainty in the concentration of H in tho air strean,

Experinental

a, The Recovery of H by Silica Gel, Daveo silica gel,

69514=200 R 4,75, ves used in these oxporiments, The average diameter of
the gel partioles was about 1,5 mm, Beforo being used the gel was alloved
to oome to equilibrium with air of a known huaidity, For the experiments
at 907 hunidity the gel wes allowed to stand for sevoral days in a desice
oator containing a saturated solution of sodium carbonate at room tempora-

ture; the air in the desiocator had a relative humidity of about 907,
CONFIDINTIAL
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For one experimont the gel was equilibriated with air of 50% humidity by
passing a streem of air (oontaining no H) of 507 humidity through it for
7 minutes, For one experiment the gel .as dried in an oven at 11C-115°C,
for 6 hours,

An adsorption tube was prepared by insorting a plug of glass wool
into a glass tube, adding the Davoo silioca gel, and inserting another
plug of glass wool,

An apparatus deseribed elsevhero (4) s used to provide an air
strean of known humidity end temperature and oontaining H vapor at e
oonoentration of 50 miorograms per liter (I 6%). This air stream s
passod through the tube of silioa gel and then through a bubbler
containing diethyl phthalate, The H vapor that passed through
the gel was reoovered in tho bubblor, The diethyl phthalate vas
analyzed for H by the DB3 ocoloriumetric method (5). The results are

shoym in Table VII,

b, The Effeot of Thiodiglyool on tho E, M, F, of the Cell,

The prooelure for dotormining chloride (see page 2 ) vas used
exo.ept that the appropriate volumo of 14 milligram per milliliter thio-
diglyool solution ves eddvd to the cell just before the NI OH=-AgCl
reagent was added, The thiodiglycol vhich 1as used vwas Eastman technioal

Ifi',p'-dihydroxyethyl sulfide, T 1224, The results are shotm in Table VIII,
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Table VIII

Effocd of. ®hiddiglyss? en tho E, N, F, of the Cell

Concentration Concentration Temperature Observed Error in the
of chloride of thiodiglycol (®c) E,}4,F, determinatigfn
(moles per liter) (moles per liter) (mv) of oh%o;)‘ide

11,9 x 10~% 261,5 -4
" " 240 =10

" 226 24

203 0

147 +4

25¢
242
826

257
242

2567.6
242,65
227
203
146

8. Procedure for the Determination of H Collected on Silica Gel,

Adsorption tubes were prepared as in a, The glass tubes were 8 mm 0,D,
and the length of the gel columns was 6 om,

The H vapor apparatus (sec g) vias used to provide an alr stream
containing a lmown concentration of H (613 micrograms of H por liter),
This air stream was passed through the tube at a flowr rate of 1 liter per

minute for 2 minutes, except in the first and second ouxperiments in which

lcalculated from the faot that 1 millivolt error is equivalent to 4+ (sce

page 7 ).
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the times were zero and 117 seoonds respeotively, The concentration of H
in the air streem was kmown to within about 573,

The silioce gel wes transferred to & 15 ml centrifuge tube and 5
to 10 ml of water and I drops of 6 formal NaOH viere added, The mixture
wes immersed in a bath of boiling water for 1C-1l5 minutes and was stirred

freguently, The mixture vas centrifuged and the ocentrifugate was poured

into a 25 ml volumetrioc fhsl:'. The gel wes woshed tiio or three times with

2 ml portions of distilled water, To the flask were add=d 2,56 ml of
2,5 formal HNOy, The solution was diluted to the mark and about 10 mld
of the resulting solution were amalyzed in the cell by the proocedure on

rage 2 , The results are shotm in Table IX,

Table IX
Determination nf H Collooted on Silioa Gel

Amount of H Amount of H Error
oolleoted® found (micrograms) (%)
{miorograns) (mierograms)

0 40 + 40

- 75
+124
+ 67

+1C4
+ 46
+ 34

8Caloulated from the concentration of H in the air stream and the
time of sa.mpl:lng.

*In a routine procodure the solutior oould probably be decanted frou the

gel vidithout centrifuging first,
CONFIDSNTIAL
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In an experiment in whioh tﬁe nitrio acid was added to the

oentrifuge tube before the gel was separated from the solution 1€20 mioro~

rems of H were found; 1226 were oolleoted,

2 Reterplustiors AN lllootiod op Jharoonl.
R.A, Titt I'Pltel that charcoal is an effective adsorbent for H

even at high humdities, He found that the recovery by 6 oc of charcoal
through which "dilute P wapor" in eir at 52°C, and 96-1C07 humidity

was pal;ed at a rate of' 10 liters per minute for 2 hours wes greater
than 99.5,

H ocollected on charcoal oan be determined by heating the oharcoul
with an aquesus solution and determining the concemtration of the
chloride in -the solutinn by the method elready described, A method
similar to this in which the chloride solution is analyzed by a
potentiometrio titratinn with silver nitrate solution has beon

desoribed,*

*The determination of H oollected on charooal has been made by R,A, Titt
(6) as followss 0,26 formal potassiunm nitrate solution vas added to
the oharooal and the mixture was boiled for 2.3 minutes, The solution was
decanted into a titration oell and the charooal 7as rinsed with-
potassium nitrate selution; the rinsings vere added to the cell, The
solution was titrated potentiometrically with silver nitrate. The
results of detorminetions of H are not given,
The chargoal usgd in these experiments ivras nutshell (B,S,5, 14-25
mesh) silver impregnatod; nonesilvored charcoal was not availcoble to
them, The charcoal vas purified by boiling it repeatedly with distilled

water,
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The 'auooen of the present method depends on the freodom of the
;hnrooal f;'om interfex:ing oonstituents that will be extracted during
the hydrolysis of H, The oharcoal used in these experiments (CifS, CII -A,
fine) oontained 1) chloride, 2) a oonstituent or constituents whioh
oaused an E,l{,F, oorresponding to less H, and 3) possibly e oonstituent
bther then ohloride which caused an E,M,F, oorresponding to more H,
It is seen from Table X that interforences in the determinations of

Table X
Extraotion of Interfering Constituents from Charcoal®

Charooal extraoted with Cono, of chloride Conc, of chloride
a solution of KC1 in: initially (molal)® after extraction
(molal)

0,25 formal HNO, 2,0 , 107¢ 3,5, 1074

0,036 " NaOH 1,7, " 1,7 . 1074

"oowon 20 " 2,0 , 10-4
8The procedure is dosoribed in & below,

bz.o x 104 :0lal ohloride corresponds to 15,9 mierogroms of H per ml,

large amounts of H is less vhen the hydrolysis is made in an alkaline
solution than vhen it is mado in an eoid solutipn; hemoe, in the procedure
below (see b) a solution of sodium hydroxide is used,

Because the only'm.{ln.ble ocharooals oontained interf:ring constituents
only three _exper:l.montn viere made in whioh H oolleotod on oharcoal vas
determined, The results are shown in Table XI, In these experiuents
an air stream oontaining H vapor was passed through a glass tubo
oontaining oharcoal and the oharooal 1as analyzed for H by the procedure
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Table XI
Determination of H Colleoted on Charcoal

Anount of H colleoted® Amount of H found Time betweon sollection
(miorograns) of semple and deteruinatio:

1226 1510 1 day
" 1450 1 day
W 1310 5 minutes

"c;lnula.ted from the conocentration of H in the air stream and the
time of sampling,

desoribed in b below, The determinations were all high, Two of the

samples that “/ere allowed to stand one day before being analyzod

were found to contain 25 and 177 more H than ms oa.lculo.toﬁ to bo present,
The sample that was analyzed immediately ias only 2 high. These

rosults may indicate that the H on the charcoal hydrolyzed slovly to

form HCl1l which allowed impurities to be extracted froy the charcoal duking
hydrolysis,

Although the data do not look too promising, this method of
analysis may be suitable for H alsorbed on charcoal which is relatively
freo from impurities,

Experinental

8, Extraotion of In‘erfering Constituents from Charcoal, 0,2 g of

charooal rere added to sodium hydroxide or ritric acid solution containing
a knovm amount of chloride, The mixture was heated in a bath of boiling

water for 10 minutes, The mixture /a8 then centrifuged and the potential
CONSTDENTIAL
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of the cell -as determined,

b, Determination of H, Absorbing tubes vere prepared as describod
on page 22 except that they contained C..5, C 1l «A~ fine charcoal instend
of silica gel, The avorage diameter of the charcoal granules was about
1,4 mm, H vapor in an alr stream (see pcye 22 ) was passed through the
tubes, The sauples of charcoal were heated with 0,0y foraal NeOH for
10 minutes, The mixtures :rere centrifugwd® and the charcoel was washed
three times with dilute NaOH, To the centrifugate and rashings were
added 2,5 ml of 2,5 formal HNO;, The chloride wms thon determined in

the cell as d«scribed on pege 2 ,

2. [Roternination of H Colleoted in Diethyl Phthalate,
Diethyl phthalate has been shovm to be a good liquid for collecting

H from air (4), Two methods were used for libersting chloride from

H in the phthalate, In the first mmethod the H was hydrolyzed, end in

the second the H was oxidizod to the sulfone and then hydrogen chloride

was removed from the sulfone, The second method gave more adcurate

results,

*The charcoal granules contained a charcoal dust which appeared in the
solution as a suspension, The portential of the eell fluctuatoed if the
solution was not first ceu'rifured, Hovever, with cther charcocls
centrifugation uay ust be azcessary, Perhaps the cust ¢ea be removed
by washing ths charsnal bafore putting it in the wudsorption tube,

CONFID NTIAL
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i solution of H in diethyl phthalate is quite resistant toward
hydrolysis, %hen a solution of H in diothyl phthalato vms heated ith
water to 95°C for ten minutes very little chloride was found in the aqueous
phase, Likevrise, when a one phaso solution of H in diethyl phthalate
soetone and iater wes heated to 95°C, for ten minutes and more water was
addcd, very littlo ochloride was found in the aqueous phase, However, a
oorresponding experiment in whioh glaocial acotioc noid instoad of aootond
was used, most of tho ohloride was liberated, In this experiment equal
volumes of 1) a diethyl phthelate solution of H and 2) glaocial acetic
acid were diluted -r:lth vater until a second phase just appeared, The
mixture vras hected, Liore wieter was adled end the two phases were
soparated, The aqueous phnse oconteined almost all of the ohloride,

The oonocentration of ohloride in this solution vas detumined in the ecll,

It was found that the E,.i,F, of the ooll was dependent on large ohangos

in the oonoentration of the solution, In Table XII are showm tho results

of exporiments in vhich the potentisl of the cell ins doteriined for
various concentrations of aoutio aoid, tho chloride conoentration being
held oonstant, The nitric acid ooncentration iwas 0,25 formal,

It is seon that tho oonoentration of aocetio aoid is oritical at
about 4,4 formal, The potontial has, with respect to the aocetio noid
oconoentration, a maximun value at 4,4 forma}; if the amocetic aoid concentra=
tion is inoreasod or deoreased, the potential falls rapidly, Tho

reason for this behavior is not kno'm,
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Table XII

The Effeot of Acetic Acid om the E,Il,F.

Concentration Corresponding Concentration Temperature Observed
of ohloride concentration of acetio (%c) BJLF,
(forual) of H (§'per ml) aoid (formal) (uav)

226
226,86
224
219
216
228
20¢
204

2,104 15,9
L] "

L}
"
]
”"

L] LI ]
~a888a8

186
186,56
182
178,56
176
187.5
167
163

) . e,
w8838

0
1
2
3
4
6
6.
0
1
2
3
4
5
6

4 series of determinations of H in diethyl phthalate :ras made by
hydrolyzing the H in a solution of ethyl phthalate, acetio acid, and
water, Then viater and nitrio aocid were edd:d and the ooncentration of
chloride in the aqueous phase was determined, The results are shovm in
Table XIII, The doterminations in vhioh the solution was finally
diluted to 0,2 formal ecetio noid were more ascurate than those in which
the final oonoentration vas 4,4 formal, Howover, in order to hydrolyze
the H in 1 ml of diethyl phthalate effectively, about 1 ml of glaoial

aoetioc aoid (and 0,8 ml of water) must be used; and in order to di lute
CONFIDSNIIAL
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thid solution to 0,2 formal in asetio asid, the ﬁnnl volume must be
about 90 ml, Henoce, the ohloride from H in 1 ml of déethyl phthalate
must be finally contained in 90 ml of aqueous solution, Beoause of this
the determination of small guantities of H is diffioult,

A more satisfaotory method for liberating the chloride from H in

diethyl phthalate is the followings ~Lhe phthalate is stirred with an

aqueous solution of potassium permanganato and nitrio acid, The H is
6xidized to H sulfone, The solution is made ell:ialine and heated in
order to remove hydrogen and chloring atoms from the H uult(;m. Oxalio
aold is then adled to destroy the permanganate, Nitric aoid is then
added, the aqueous phase is diluted to a definite volunc and the chloride
oonoentration is determined in the ocell, Only two determinations were
mado by this method; the results arc shotm in Table XIV, The use of
permanganate to oxidize E to the sulfone and then alkall to remove the

ohloride is disoussed in the next sootion (Section 4).
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Table XIV
The Determination of H in Diothyl Phthalate®
Amount of H Amount of H Amount of H b

present ([) found, uncurrected found, ocorrected
(® %
0 20 (¢
39 70 60
78 103 88
156 178 168
391 378 b8

1172 1177 1167

1953 2076 2056

8The procedure is desoribed in o below,

bSinoe & potential corresponding to 2¢C miorograms of H was obtained
when no H was present, a corrsction was applied to all the deter-
minations by subtracting 2C miorogrums of H from the amount found,
The sodium hydroxide or the oxalic acid :uay have contained chloride
impurities corresponding to this amount of H,

Experimental

&, The Effeot of Acetio Acid on the E,i,F, The volumes of a

solution of potassium chloride in vmter, glacial acetic acid, and 2,6
formal nitrio aocid required to give the concentrations spocified in
Table XII were stirred together and analyzed by the procedure on page 2 ,

b, The Determination of H in Diethyl Phthelate by Hydrolyszing the H,

To e solution of H in diethyl phthalate wes added an equel volume of

glacial acetic aold, iater was then added until a second phase separatod,

CONFIDENTIAL




CONFIDINTIAL

The ratio of diethyl phthalate to acetic acid to water was about 1 to

1 to 0,8, This mixture was hoated in a bath of boiling vator for 10
to 15 minutes, The mixture was a single phase while hot, “/ater and
nitrio acid were then added to give the volume speocified in Table XIII
and a nitric aoid ooncentration of 0,25 formal, Ten ml of the agueous
phase were analyzed in the cell by the procedure on page 2 ,

9» Ihe Determination of H in Diethyl Fhthalate by Oxidizing the

H to H Sulfons and Hydrolyzing the Sulfone, Three ml of a solution uf

H in diethyl phthalate was stirred for five minutes with 2 ml of a
solution 0,10 formal in potassium permanganate and 0,2 formal in nitrio
ecd, Five drops of 6 formal NaOH were added and the solution was
heated (95°C) for 15 minutes with cooasionel stirring, One ml of 2,5
formal nitric ecid was added and then enough 0,5 formal oxalic aoid to
decolorige the permangamate, The aqueous phase vas diluted to 10 ml
and the chloride conoentration in the aqueous phase vas determined in

the cell,

4 Determimation of . Collested in Potessjum Permangansbe Seluticn

In this method H vapor is recovered from air by passing the air
through a bubbler containing an aqueous, acid solution of potassium
permanganate, No reference to the use of permanganate solutions as
bubbler liquids was found, but experiments (see a below) showed that the
solution is quite effective in ocolleoting the H vapor, It is assumed
that the H:1s quiokly oxidized in the bubbler to H sulfone and therefore

does not volatilize to an appreciable extent,
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The chloride can be liberated from the sulfone by adding alkali
to the solution and heating it, Under these oconditions hydrochlorié
acid is removed from the H sulfone yielding divinyl sulfone and chloride(7).
The chloride cannot be c}etemlnod in the ocell in the presemnce of
potassium permanganate, For this reason the permanganate is reduoced to
manganous ion with sodium oxalate before the solution is mmde alkaline,

Neither manganous nor oxalate ions in small concentrations interfere

with the determination of ohloride in the cell (see b below), Several

samples of H in a solution 0,02 formal in potassium permanganate and 0,1
fanal in nitric acid were analysed by the procedure in o below for the
purpose of testing this procedure and finding the time of heating necessary
to remove the chloride from the sulfone, The results are shom in Tcble XV,
Table XV
The Determination of H in 0,02 F KinOg=0,1 F HNOg

Length of time alkeline solution Amount of H present Amount of H found
was heated (iMinutes) ) ()] (%)

0 376 34,6
1 647 59,7
3 998 92,1
5 lre9 101
1089 101
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Experimental

e, The Recovery of E Vapor from Air by 0,02 F KiinO.=0,1 F HNO;, 4n

air stroamn oontaeining an approximately lknown ooncentration of H was passed
through a bubbler containing 5 ml of a solution 0,02 formael in KimO,

and 0,1 formal in HNOy, The apparatus used to provide an air streem
oontaining H has been desoribed in amother report (4), The effluent

air from the first bubbler was collected in a similar bubbler containing
0,02 F KlinOg=0,1 F HNO;, or §0% acetioc aoid, or diethyl phthalate,

The recovery by the bubbler was calouleted from the equotion,

H found in 1 _
Hfound in 1 + H found in 2

recovery =

where 1 designates to the first bubbler and 2 designates the second bubbler,

The type of bubbler used is shovm in Figure 5 and has been disoussed
in an OSRD report (4),

Bubbler 1 in every oxperiment except onec contained 5 ml of 0,C2 F
KinOg=0,1 F HNOs3 in the other experiment bubbler 1 contained & ml of a
solution 0,02 F in KinmO4 end O,1 F in NaOH, Bubbler 2 in five of the
experiments contained 0,02 F KunOg=C,1 F HNOg; in two of the experiments
bubbler 2 contained 507 acetic acid; and in ome experiuent: it oontained
diethyl phthalate,

The 0,02 F KinOg=0,1 F HNOy solubions were analyzed for H by the
prooedure in o below, All of the solution in the bubbler was poured into
q/&.g'gumdtfel %Pubbler was wmshod vith two 1 ml portions of water, The

washings were added to the solution,
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Pigure 5, Bubbler

~=~Cutside diai:oter of
bulges 15,0 = 15,5

Inzide clearance 3- - Y

* le .. 18 -ﬁm 5td sell

7 mm 8t'd wall

&ll diamensions are in millineters CONFID NTL.L
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Tho. 50% acetic aoid solutions werc analyzed by potentionetric
titrations with ohloramine T (8), The diethyl phthalate solution was
analyzod by the DB3 eolorimetric method (5), The results are shovm in

Tabie XVI,

b. [The Effeot of lianganous and Oxalic Ions on the E,M,F, The

determinations were mede by the procedurc desoribed on page 2 except
that the solution oontainéd the eppropriote amount of manganous nitrate
ard oxalic aoid, The results are shoim in Table XVII,

8. ZPrnoedure for the Determination of H in Potassium Permanganate,

Five ml of a solution of H in 0,02 F K m0,=0,1 F HNOy wero pipetted into
agraduated gless tube, The tube was immersed in a bath of boiling

water, One=half formal oxalic aoid was cdded to the solution until it

it was oolorless, then 3 drops of 6 formal NaCH wore added and the soluiion
was allowed to remain in the bath for 5 to 10 minutes, The solution s
then made acid with 1 ml of 2,5 formal HNOs and was diluted (in tho

tube) with distilled water, The chloride consontration wms then deter=-

mined in the wll as deseribed on page 2 ,
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Table XVII

Effect of lianganous and Oxalic Ions on the E, M, F,

Concentra- Corresponding Conoentration Concentration Cbserved
tion of KCl ooncentration of Mn(NO;)e of oxalio acid E,IliF,
(formal) of H (§per ml) (formal (formal) (mv)

5 x 10~5 3,98 o ) 254
" " ;001 n 253

. 006 " 264

,010 " 264

,050 " 256

. 005 254

0 239
» 001 238
»006 24
+010 239
. 050 241

240

222
223
223 -
226
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Part III
DETERIINATION OF HNO
Disoussion

Diethyl phthalate was found to be an effuotive bubbler liquid

for oolleocting HN3 wvapor from air, Several experiments weoro made sampling

air at 40°C, and 92% humidity; the recoveries of HN3 were 97-1005 (see
Table XVIII. An aqueous solution of 0,25 formal nitrio noid secns to be
an eficotive absorbent for HN3, but the solution foams in the bubbler
and some solution is lost, Foaming may be due to the lowering of the
surfaco tension by the salt of Hii5, The aqueous solution also has the
disadvantage that rtter is lost from the bubbler by volatilization
(see noto o to Table XTI, page 38).

The diethyl phthalate solution /os analyzed for HNE as follovss
The IING was extraotel with 1 formal nitric coid, An aliquot of the
aqueous phase /as made alkaline with sodium hydroxide and heated in order
to hydrolyze the HNU, Nitric aold vias then addcd to tho solution and
the ohloride concentration wus determined in the cell, The analyses of
3 ml sciaples of diethyl phthalate solutions oontalning more than 150
miorograas of :N3 were aoourate to within about 63, / flf: ;;;ll;se: '\o)f.‘
smaller amounts of NG vere less aoourate, possibly beoause of ohloride
impurity in the sodium hydroxide or in the nitriec aoid,

An attempt was made to obtain chloride directly from HNS in diethyl

phthaelate by shal:ing the phthalate with hot aqueous @odium hydroxide
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solution; the ehloride was liberated only slowly end the uethod m8 not
used for the analysis,

In the analysis of 0,25 formal nitrio uoid solution for IIiT the
solution wus made alkaline with sodium hydroxide and then ms heated to
hydrolyze the NG, Nitrio aocid .8 added and the oonoentration of

ohloride wus determined in the oell,

Experimental
e, The Reoovery of HN3 by Bubblers Containing Diethyl Fhthalate or
0,25 Formal Nitrio Acid, These experiments ero similar to oxperiments

made to decermine the recovery of H by bubulers ocontaining potassiun
permanganate desorived on pages 37 and 38 An air stream oontaining HIS
was passed through a bubbler (see Figure 5) containing 6 ml of diethyl
phkhalate or 6 ml of 0,25 formal nitric acid, The effluent air from the

first bubbler vras collected in a second bubbler containing the same

solvent, The solutions in the two bubblers vore analyzed for HNG, If
the bubblars contained diethyl phthalate, the solutions worc analyzed
by the DB3 colorimetric method (5); the DBZ mothod ims used rather than
the procedure desoribed in b below because the DB3 method is more
acourate, If they contained 0,25 formal nitrio acid, the procedure

described in o belowr was used,

The recovery by the first bubbler was caloulated from the equation,

recovery = HNZ found in bubbler 1 .
HNS found in bubbler 1 + HNS found in bubbler 2

The rosults aro shovm in Table XVIII, CONI'IDENTIAL
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b, Proocedure for the Determination of HN: in Diothyl Fhthalate,

Three nl of diethyl phthalate and 5 ml of 1 formal nitrio aoid vere

shaken together in a glass stoppored oentrifuge tube for 6 minutes, The
mixture was centrifuged, A 4 ml aliquet of the aqueous phase vms pipetted
into a graduated tubo, 0,7 ml of 6 formal sodiwn hydroxide were added to
make the solution alkaline, end tho tube waes immersed in a bath of
boiling water for 5 minutes, One ml of 2,5 formal nitric aoid was

added, the solution was diluted to 10 .1l in the tube, and the chloride

oonocntration was dotermined in tho eell, The amount of HNU '-a8

caloulsted from the faot that 105 molel chloridoe is oquivalent to 0,082

miorograms of HNJ per ml, The results are shovm in Table XIX,
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Table XIX
Determination of HN3 in Diethyl Phthalate
Amount of HNO Amount of HNGO Amount of HNC
pres%pt found, uncorrected fognd, co:!‘rcmj;’eda
) ()] () )

(o] 20 (]

7 57 37

49 86

54 - 89

99

400 5 97

790 99

1173 1160 11%0 96

3910 4160 4140 106
8A potential correcsponding to 20 miorograms of HN3 wns obtained ithen no
HN3 vms present, This error mey be caused by chloride impurity in the

sodium hydroxide, A corrcotion was applied to all the determinations
by subtructing 20 aiorogrems from the amount foudd,

d, The Determination of HN3 in 0,25 Formal Nitrie Acid, The

contents of the bubbler* were poured into a graduatec tube and the bubbler
was irashed with two portions of water, 0,3 ml of 6 formal sodium

hydroxide was added, The solution was heated in a Juath of boiling rater

*Berore sanpling wos begun the bubbler contained 6 ml of 0,25 formal
nitric acid, but during sampling some -ruter ias lost by volatilization,
It is assumed thet no nitric acid ns lost by volatilization,
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for five ninutes, then 1 ml of 2,5 formal nitric acid was addod, and

the solution was diluted to 10 ml, The concentration of chloride vras

determined in the cell,

Only tvo experiments were :mde (sec Table XVIISi. However, it has

been showm that the hydrolysis 4f HNG is ossentially coumplete in 0,017

formal sodium hydroxide solution et 98°C, in & minutes (9),
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